Preventing atherosclerosis and cardiovascular disease is one of the most important health issues worldwide, with cardiovascular disease being the leading cause of death in industrialized countries. The accumulation of cardiovascular risk factors such as age, diabetes, hypertension, smoking and hyperlipidemia, impair the ability of the vascular endothelium to produce vasodilatory and anti-adhesion moieties, and increase production of vasoconstrictor, proadhesion, and prothrombotic molecules, leading to elevated vascular tone, enhanced cell adhesion, proliferation of media smooth muscle cells, and propensity toward thrombosis (Drexler and Hornig 1999; Rubanyi 1993) . Given the role of endothelial cell loss in the pathogenesis of vascular diseases, attention has recently turned to the development of strategies to enhance rapid endothelial recovery (Losordo et al. 2003; Dimmeler and Zeiher 2004) . It was demonstrated that circulating bone marrow-derived endothelial progenitor cells (EPCs) may gravitate to sites of vascular injury and contribute to neoangiogenesis (Asahara et al. 1999; Urbich and Dimmeler 2004) . The capacity of circulating EPCs to repair vascular damage suggests that they may play a key role in maintaining homeostasis of the endothelium. It follows that the number of circulating EPCs may reflect the "vascular health" of an individual, and thus represent a marker by which to assess cardiovascular disease risk. However, the lack of a uniform EPC definition complicates cross-study comparisons and may contribute to the apparent paradox of some studies that suggest that EPCs are reduced in the presence of cardiovascular risk factors and coronary artery disease (CAD) (Vasa et al. 2001; Hill et al. 2003; Schmidt-Lucke et al. 2005) , whereas others suggest that numbers are increased in those with obstructive CAD (George et al. 2004; Massa et al. 2005; Güven et al. 2006 ). Currently, a widely accepted consensus defines cells positive for the surface markers CD34 and vascular endothelial growth factor receptor-2 (VEGFR2 or KDR in humans) as EPCs . Nevertheless, it has been convincingly demonstrated that EPCs bear various other cell surface markers, including markers of the monocytic cell lineage such as CD14 (Rehman et al. 2003; Gulati et al. 2003; Romagnani et al. 2005; Burger et al. 2002; Fernandez Pujol et al. 2000; Schmeisser et al. 2001) . Importantly, both types of EPCs showed comparable vasculogenic capacity in vivo (Hur et al. 2004 ). More importantly, there are data indicating that the vast majority of EPCs actually arise from the CD14 + subpopulation of peripheral blood mononuclear cells (PBMCs) (Rehman et al. 2003; Gulati et al. 2003; Romagnani et al. 2005) . However, previous studies focusing on the relationship between either CAD or cardiovascular risk factors and the level of EPCs either did not distinguish between the two types of EPCs (Vasa et al. 2001; Hill et al. 2003; George et al. 2004) (Vasa et al. 2001) . Assuming that the magnitude of the effect would be lower, we enlarged the size of the patient and control samples by approximately 50%. Control subjects were defined as having angiographically normal coronary arteries. Patients with stable CAD met the following criteria: (1) history of transient episodes of typical chest pain on effort, lasting unchanged for more than 3 months before blood samples were drawn and not associated with rest angina; (2) having at least one coronary stenosis producing ≥ 50% diameter reduction. Patients with acute coronary syndromes (ACS) were defined as having at least one coronary stenosis producing ≥ 50% diameter reduction and with unstable angina (UA) or myocardial infarction (MI) within the past 2 weeks. Inclusion criteria included the ability to give informed consent and referral for coronary angiography for the evaluation of CAD. Exclusion criteria included immune suppression, acute-chronic inflammatory diseases, history of renal, hepatic or hematologiccoagulative disorders, malignancies, retinopathy, concomitant other heart diseases (e.g., cardiomiopathy), the presence of symptomatic peripheral vascular disease or cerebral vascular disease, the presence of ACS prior to the past 2 weeks and within the past 3 months, history of hemorrhage (including menses) or blood-transfusion within the past 2 weeks.
Definition of risk factors for CAD
To determine the overall risk factor load of an individual subject, we calculated a risk score including male sex, hypertension (BP ≥140/90 mmHg or on antihypertensive medication), hypercholesterolemia (LDL cholesterol ≥ 3.4 mmol/L or 130 mg/dL), low HDL cholesterol (HDL cholesterol <1.04 mmol/L or 40 mg/dL), cigarette smoking (a history of smoking in the last 3 months), age (male ≥45 and female ≥55 years of age), family history of premature CAD (MI or sudden death in a first relative, male <55 and female <65 years) and pathoglycemia (impaired glucose tolerance/impaired fasting glucose/diabetes mellitus) (American Diabetes Association 2004). HDL cholesterol ≥1.56 mmol/L (60 mg/dL) counts as a "negative" risk factor, its presence removes one risk factor from the total count.
Angiographic assessment
Diagnostic angiography was performed with the Judkins technique with a digital angiography system (Innova 2000, GE; http://www.gehealthcare.com). Standardized angiographic projections that showed the coronary artery stenosis at its most severe were recorded in every patient. Interpretation of the coronary angiograms was made by two cardiologists. Percentage of coronary narrowing was calculated by comparison of the minimum diameter of the segment involved to the diameter of an adjacent angiographically normal coronary segment. CAD was evaluated with the vessel score, i.e., the number of vessels with a significant stenosis (≥50% reduction in lumen diameter). Scores ranged from 0 to 3, depending on the number of vessels involved. Left main artery stenosis was scored as 2-vessel disease. The severity of CAD was assessed by using Gensini score (Gensini 1983 ).
Flow cytometry
After placement of an arterial sheath, 3-5 mL blood was wasted and then 1 mL whole blood was taken in an evacuated tube containing EDTA as the anticoagulant. A volume of 100 μL peripheral blood was evaluated by flow cytometry (fluorescence-activated cell sorter; Calibur, Becton Dickinson Biosciences, Franklin Lakes, NJ) within 3 h after drawing. All procedures were similar to those previously described (Fadini et al. 2006) . In brief, before being stained with specific monoclonal antibodies, cells were treated with fetal calf serum for 10 min, and the samples were then washed with buffer containing PBS and 0.5% bovine albumin. This approach is used to saturate sites for nonspecific binding. Blood cells were then stained with FITC-conjugated anti-human CD14 monoclonal antibody (Jingmei Biotech, Shenzhen, China) and PEconjugated anti-human KDR monoclonal antibody (R&D Systems, Minneapolis, MN). Appropriate isotype controls were used for each staining procedure. The frequency of peripheral blood cells positive for the aforementioned reagents was determined by a 2-dimensional side-scatter fluorescence dot-plot analysis. CD14/KDR double positive cells were identified by the expression of KDR in the CD14 gate. After incubation, cells were lysed and washed with PBS. Data were processed with use of the CellQuest software program (Becton Dickinson). The same trained operator, who was blinded to the subjects' characteristics, performed all of the tests throughout the study.
Statistical analysis
Data are expressed as mean ± SD. Continuous variables were tested for normal distribution with the Kolmogorov-Smirnov test. The number of risk factors (risk score) was considered as a continuous variable. Normally distributed variables were compared by means of one-way analysis of variance (ANOVA). In the case of non-normal distribution, nonparametric tests were used (Mann-Whitney U test or Kruskal-Wallis test). Comparison of categorical variables was generated by the Pearson χ 2 test. Linear regression analysis and nonparametric bivariate correlation (Spearman's rank correlation coefficient) were used to correlate circulating CD14 + KDR + cell counts with cardiovascular risk factors. To identify independent determinants of CD14 + KDR + cell numbers, a multivariate linear regression analysis for various cardiovascular risk factors was performed. Statistical significance was assumed if a null hypothesis could be rejected at Ρ≤ 0.05. All statistical analysis was performed with SPSS 13.0 (http://www.spss.com).
Results

Patients' clinical characteristics
According to coronary angiographic results and whether complicating ACS was present, the subjects were divided into three groups: group A, 34 patients who had normal coronary angiogram served as control subjects; group B, 41 patients who had stable CAD; and group C, 25 patients who had ACS. The clinical characteristics of the 100 subjects are summarized in Table 1 . As expected, patients with CAD had a significantly higher number of risk factors, were slightly but significantly older, and were more frequently treated with statins, platelet inhibitors, and ACE inhibitors/ AT-1 receptor blockers (ACEI/ARB). Patients with ACS differed from patients with stable CAD with respect to hyperglycemia, risk score and Gensini score, which were all higher in patients with ACS.
Determinants of circulating CD14 + -EPCs levels
We directly determined the number of CD14 + KDR + cells in the peripheral blood by flow cytometry (Fig. 1) . Levels of CD14 + KDR + cells did not differ significantly in control subjects compared with patients with stable CAD and patients with ACS (2.36%± 1.83%, 1.69%±0.96% and 2.1%±1.31%, respectively; see Fig. 2 ). By univariate analysis for the entire cohort, the classic risk factors of male sex, age, hypertension, smoking, dyslipidemia and hyperglycemia, as well as disease activity and extent of coronary atherosclerotic involvement, were not correlated with the number of circulating CD14 + KDR + cells. Statistical analyses revealed that medications had no influence on CD14 + KDR + cell counts. We found only a weak negative correlation between body mass index (BMI) EPCs have been studied in a variety of patients, including those with vascular disease and those with risk factors for vascular disease. Vasa et al. (2001) observed an inverse correlation between the number of circulating EPCs and both atherosclerotic risk factors and angiographically documented CAD. Hill et al. (2003) described a reduction in EPC colony forming units in healthy individuals with risk factors for cardiovascular disease. These two groups came to similar conclusions by diverse experimental methodology, one group culturing mononuclear cells initially Güven et al.(2006) reported that the number of EPC colonies was increased in proportion with the severity of CAD. In addition, the level of EPCs in that study did not vary significantly with cardiovascular risk factors. George et al. ( 2004) found higher number of EPC colonies in patients with UA as compared with stable angina. Massa et al. (2005) showed that the number of CD34 According to their initial discovery, EPCs were defined as cells positive for both hematopoietic stem cell markers such as CD34 and the endothelial marker protein KDR (Asahara et al. 1997 ). However, increasing evidence suggests that myeloid cells can also give rise to endothelial cells (Rehman et al. 2003; Gulati et al. 2003; Romagnani et al. 2005; Burger et al. 2002; Fernandez Pujol et al. 2000; Schmeisser et al. 2001) . Also, a recently identified population of peripheral blood-derived CD34 −
CD133
+ KDR + cells may differentiate into CD34 + CD133 + KDR + and eventually mature EC (Friedrich et al. 2006) . Moreover, Ingram et al. (2004) provided data to support a hierarchy of EPCs that can be assayed in limiting dilution. These data support the notion that it will be difficult to define "true" EPCs. To date there is no uniform method or criteria for defining an EPC despite extensive research activity. Some methods of characterization are based on in vitro behavior, including the ability to form endothelial colonies with the incorporation of acetylated low-density lipoprotein and binding of lectins (Vasa et al. 2001; Hill et al. 2003; George et al. 2004; Güven et al. 2006) . The majority of acetylated LDL (+) lectins (+) cells express monocyte/macrophage markers such as CD14, and a much lower percentage of cells express CD133 (Rehman et al. 2003) . However, EPCs defined in this way represent a mixed population since it has become clear that at least two types of endothelial-lineage cells can be obtained from the in vitro culture of mononuclear cells (Rehman et al. 2003; Hur et al. 2004) . Early EPCs, termed circulating angiogenic cells (CACs), are derived mainly from monocytic cells co-expressing some endothelial markers (Rehman et al. 2003; Romagnani et al. 2005; Fernandez Pujol et al. 2000; Schmeisser et al. 2001; Hur et al. 2004) . Early EPCs secrete large amounts of angiogenic growth factors (Rehman et al. 2003; Hur et al. 2004) . Alternatively, late EPCs possess high proliferation potency and express CD34 (Hur et al. 2004; Lin et al. 2000; Reyes et al. 2002) . In addition, ex vivo cultivation procedures may confound the influence of cardiac risk factors on the number of EPCs, whereas the direct measurement of EPCs might more closely resemble in vivo conditions (George et al. 2006) . In this study, we directly determined the number of CD14 + KDR + cells, which correspond to early EPCs, in peripheral blood using flow cytometry. CD14 is an extremely important monocyte surface molecule, and KDR expression is believed to be restricted exclusively to endothelial cells. CD14 and KDR are expressed simultaneously by EPCs arising from monocytes but CD14 is completely lost by EPCs as they differentiate (Fernandez Pujol et al. 2000; Schmeisser et al. 2001; Eggermann et al. 2003) . Mature monocytes do express VEGFR-1 but are negative for KDR (Sawano et al. 2001 ). Thus we chose these two markers as they would not involve mature endothelial cells or monocytes. Most importantly, previous studies showed that CD14 + KDR + cells exhibit the potential to differentiate into cells with endothelial characteristics both in vitro and in vivo (Nowak et al. 2004; Elsheikh et al. 2005 + cell levels and either the severity of coronary atheroma or cardiac risk. The results of the current study are in agreement with those of Güven et al. (2006) , who also found no significant correlation between CACs and angiographically documented CAD or cardiac risk. Schmidt-Lucke et al. (2005) detected no significant augmentation of EPCs in patients with ACS, which likely reflects the early blood sampling. In our study, most of the blood samples from patients with ACS were obtained on day 3-10 after onset, and thus there would have been enough time for cell mobilization. We did not detect a significant augmentation of CD14 + KDR + cells in patients with ACS. We found that the number of CD14 + KDR + cells inversely correlates, albeit weakly, with BMI. The clinical significance of this observation needs to be evaluated in future research.
Taken together, there are three possible factors that might explain disparities in these data. First, George et al. (2006) found that, in healthy individuals, there was no correlation between the various methods used for estimating EPC numbers. Thus, there are fundamental methodological differences that likely account for the different results. Second, these data are consistent with the emerging concept that several blood cell populations with angiogenic activity (e.g., CD14 
Study limitations
In this study we simply measured the number of CD14 + KDR + cells without examining their functional activity such as proliferative potential, secretary capacity or migratory capacity. It could be that risk factors and CAD significantly affects the functional activity of CD14 + KDR + cells rather than their number. We used a rigorous definition of family history of premature CAD for eliminating likely earlier misdiagnosis. Only 3 out of 100 patients had a positive family history of premature CAD, which could be another limitation. Namely, the number of subjects in our study was relatively small, and some group comparisons may have lacked power to detect significant differences for select variables.
